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® Metal treatment 



@ A compound containing a ligand group and a 
group of the general formula 
-NRCOR'^XbCR^CHCORS is used for treatment of 
a metal. The ligand group can be a triazole, an 
imidazole, an indazole, a thiazole, an oxazole, a 
carbamate, an xanthate or a phthalazine, or deriva- 
tives thereof. The compounds can be coated onto a 
metal surface, for example a copper surface. The 
metal surface may also be coated, simultaneously or 
subsequently, with a surface coating composition 
such as a paint or lacquer or an adhesive. When 
used with an adhesive, an increase in the adhesive 
^| strength is achieved. 
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METAL TREATMENT 



The present invention relates to th treatment 
of metais and, in particular, to such a treatm nt to 
provide improved bonding of coating compositions 
applied to the surface. 

It is known to apply a coating to a metal 
surface to improve the adhesion of a surface com- 
position which is aiso applied to the metaJ surface. 
In particular, it is known to apply a coating to a 
metai surface which improves the strength of an 
adhesive bond when an adhesive composition is 
applied to the coated metal surface. Compounds 
which can be used to give improved adhesion are 
typicaJly called adhesion promoters. Such com- 
pounds can be used to improve bonding in produc- 
tion of composite articles or in the production of 
printed circuit boards. An effective class of adhe- 
sion promoter for bonding of copper substrates is 
disclosed in US Patent 3837964, Other adhesion 
promoters are disclosed in US Patents 4428987 
and 4448847. Organosilanes can be used as adhe- 
sion promoters, such as, for example gamma- 
glycidoxypropyltrimethoxysilane and other silanes 
containing a functional substituent. We have now 
found a further class of compounds which are 
effective as adhesion promoters. 

According to the present invention there is 
provided a process which comprises coating a 
metal surface with a compound containing a ligand 
group and a group of the formula: 

-NRCOR^XbCRS = CHCOR 3 
or a salt of said compound, 
wherein: 

R is a hydrogen atom or a monovalent hydrocarby! 
or substituted hydrocarby I group; 
R 1 is a divalent hydrocarbyl or substituted 
hydrocarbyl group; 

R 2 is a hydrogen atom or an aikyl group; 

R 3 is a group -OR or -NR,, wherein the groups R in 

the -NR 2 group may be the same or different; 

X is a divalent group -NRO-or -NRCO-; 

a is zero or one; and 

b is zero or one. 

The ligand group preferably contains at least 
two hetero-atoms, by which is meant an atom other 
than carbon or hydrogen. The hetero-atom can be, 
for example, a nitrogen, sulphur or oxygen atom. 
Many suitable ligand groups contain at least one of 
the hetero-atoms in a ring system. The ligand 
group may be a triazole, an imidazole, an indazoie, 
a thiazole, an oxazole, a carbamate, a xanthate or a 
phthalazine group or a derivative thereof. Deriva- 
tives of the ligand group include benzotriazole, 
naphthotriazole. benzimidazole, naphthimidazole. 2- 
mercaptothiazole, 2-mercaptobenzothiazole, 2-mer- 
captobenzimidazole, 2-mercaptobenzoxazole and 



carbamate derivatives such as dithiocarbamates. 

For convenienc hereafter, th group of the 
formula -NRCOR 1 a X b CR 2 = CHCOR 3 will be referred 
to as the "unsaturated amido group", it will be 
5 appreciated that the unsaturated amido group is 
separate from the ligand group and together the 
two groups form the compounds which are used in 
the process of the present invention. The unsatu- 
rated amido group may be bonded to one of the 
w . hetero-atoms of the ligand group, but is preferably 
bonded to a carbon atom of the ligand group. 
Preferred compounds for use in the process of the 
present invention are those in which the ligand 
group is a part of a fused ring system, for example 

75 as in benzotriazole. and the unsaturated amido 
group is bonded to one of the carbon atoms of the 
benzo group, for example as in a 5-substituted 
benzotriazole or a 4-substituted naphthotriazole. 
In the unsaturated amido group, the group R 

20 attached to the nitrogen atom is preferably hy- 
drogen but may be a lower alky I group, that is an 
alkyi group containing 1 to 4 carbon-atoms, particu- 
larly a methyl group. The group R 1 is typically an 
aikylene group, particularly a straight chain al- 

25 xylene group. Thus, the group R 1 can be a group 
of the type -{CH^-where n is an integer. The value 
of n is typicaJly at least 2, and particularly is at 
least 4. In general, no particular benefit is gained if 
the value of n is in excess of 30 and generally 

30 satisfactory compounds are -those in which the val- 
ue of n does not exceed 20. In the group X, the 
group R is typically a hydrogen atom but may be a 
lower aikyl group. It is preferred that a and b are 
both zero or are both one. The group R 2 Is conve- 

35 niently a hydrogen atom but may be a lower aikyl 
group such as a methyl group. The group R 3 can 
be a group -OH or a group -NH». If the group R 3 is 
a group -OH, the hydrogen can be replaced by a 
cation, for example an alkali metal such as sodium, 

40 to form a salt Alternatively, R 3 may be a hydrocar- 
bonoxy group or a substituted amino group but it is 
generally preferred that R 3 is a group -OH or a salt 
derived from the group -OH by replacing the hy- 
drogen by a cation. The group -COR 3 may be in 

45 the cis-or trans-position with respect to the group 
-NRCOR^Xb-. However, as discussed in more de- 
tail hereafter, the compounds of the present inven- 
tion are conveniently prepared using maleic anhy- 
dride and hence the group -COR 3 is typically in the 

so cis-position with respect to the group -NRCOR^Xb- 

In one class of compound for use in the pro- 
cess of the present invention, the ligand group is 
benzotriazole and the unsaturated amido group is 
in the 5 position. In one compound of this type, the 
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group R is a hydrogen atom, a and b are both 
zero, R 2 is a hydrogen atom and R 3 is a group 
-OH, this compound being 5-<3'-carbox- 
yacryloylaminojbenzotriazole. A preferred com- 
pound of this type is one in which R is a hydrogen 
$ atom, a and b are both one, R 1 is a tetramethylene, 

pentam ethylene or undecamethylene group. X is 
, -NHCO-, R 2 is a hydrogen atom and R 3 is a group 

-OH. such as. for example 5-[6'-<3'<arbox- 
yacryloylamino)hexanoylamino]benzotriazole. In an 
alternative class of compound, the ligand group is 
benzothiazole or substituted benzothiazole as in 6- 
(3'-carboxyacryloylamino)-2-mercaptobenzth!azole. 

The compounds to be used in the process of 
the present invention may be prepared by the 
application of known reaction conditions. A particu- 
larly convenient process is by the reaction of mal- 
eic anhydride, or a substituted derivative thereof, 
with an amino-substitutBd derivative of the ligand 
group, for example by the reaction of maleic anhy- 
dride with 5-aminobenzotriazole or 5-(6'-aminohex- 
anoylamino)benzotriazoie. The reaction between 
the anhydride and the amino compound is prefer- 
ably effected in a solution in a polar solvent such 
as acetic acid or aqueous acetone. The reaction 
temperature generally does not exceed 100*C, and 
preferably does not exceed 50°C and may conve- 
niently be ambient. temperature. The product typi- 
cally is precipitated and can be isolated by filtra- 
tion. The product may be purified by dissolution in 
water at a high pH of at least 7, which Is preferably 
at least 10, followed by acidification to a pH of less 
than 7 and filtration of the solid precipitated. 

In accordance with the process of the present 
invention, the compounds can be coated onto met- 
al surfaces and such a treatment is effective to 
increase the bond strength between the metaJ and 
a surface coating applied to the metaJ. 

Thus as a further aspect of the present inven- 
tion, there is provided a process which comprises 
coating a metaJ surface with a compound which is 
a 5-substituted benzotriazole or a 6-substKuted-2- 
mercaptobenzothiazole where the substftuent group 
is an unsaturated amido group as herein defined. 

The metal surface may aiso be coated with a 
coating composition. The coating composition may 
be any known coating composition of a type which 
can be applied to a metal surface. The coating 
composition may be an adhesive composition such 
as, for example an epoxy or acrylic adhesive. The 
adhesive composition may be any adhesive com- 
position which has previously been proposed for 
bonding onto metal surfaces, for example a par- 
tially pre-polymerised adhesive. The adhesive may 
be a highly functionalised, low-molecular weight 
adhesive, for example a low molecular weight 
acrylic adhesive or a B-stage epoxy adhesive. 
Typically the adhesive is only partially poly- 



merised and curing of the adhesiv is effected after 
it has been coated onto the metal surface. Depend- 
ing on the particular adhesive used, it may b 
necessary to incorporate a curing agent into the 
5 adhesive either before, during or after coating of 
the adhesive onto the metaJ surface. Curing of the 
adhesive is effected under the appropriate con- 
ditions for the particular adhesive. The process of 
the present invention can be used when coating a 
10 metaJ with an adhesive which can be cured at 
about ambient temperature, for example from 15°C 
to 30* C and a moderate applied pressure, for 
example from 100 kNm" 2 to 10 MNm" 2 , such 
conditions typically being used for cold cure acrylic 
is adhesives. The process of the present invention 
can aiso be used with an adhesive which is cured 
at an elevated temperature which is typically at 
least 100°C. particularly at least 150° C, for exam- 
ple about 180°C, using an applied pressure which 
20 is typically in the range 100 kNm" 2 to 10 MNm" 2 
such conditions commonly being used with hot 
cure epoxy adhesives. 

In accordance with the further aspect of the 
present invention, two metaJ surfaces may be coat- 
25 ed with the compound of the type defined herein 
and aiso with an adhesive, and the metals are then 
bonded together by pressing the surfaces together 
under conditions effective to cause curing of the 
adhesive. The process of the further aspect of the 
30 present invention may be used to bond a metal to 
a non-metallic substrate, particularly a substrate 
formed from a plastics material such as a glass 
cloth impregnated with a partially cured epoxy res- 
in or a fully cured epoxy resin-glass fibre board. 
3$ The process of the present invention can be 

used for coating of a metai surface. The metal may 
be an alloy and may be in strip, sheet wire, 
powder or massive form. The metai may be cop- 
per, cobalt, zinc, nickel, silver or cadmium and is 
40 preferably copper. The metal surface which is to 
be coated is preferably brightly polished and/or 
freshly cleaned in order to maximise the desired 
effect. 

A compound containing a ligand group and an 
4$ unsaturated amido group, or the salt of such a 
compound, will hereafter be referred to simply as 
the "ligand compound". 

The coating of the metai surface with a ligand 
compound may be effected by applying the ligand 
so compound alone to the surface of the metai. How- 
ever, it is generally preferred that coating is effec- 
ted by applying the ligand compound in -a suitable 
medium to the metal surface. More specifically, the 
ligand compound can be applied to the metal sur- 
55 face in the form of a solution in a suitable organic 
solvent, as a solution in an aqueous alkaline me- 
dium, when the ligand compound is believed to 
form a salt, as an aqueous emulsion of the ligand 
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compound, or as an aqueous emulsion of a solu- 
tion of the ligand compound in a suitable organic 
solvent. The coating of the metal surface with the 
ligand compound may be effected before the ap- 
plication of the coating composition. Alternatively, 
the ligand compound may be incorporated into the 
coating composition and the mixture thereof ap- 
plied to the metal surface. , 

Conventional organic solvents may be used for 
the ligand compound and include for example al- 
cohols, ethers, ketones and mixtures of these with 
aliphatic or aromatic hydrocarbons or with amides 
such as N,N-dimethylformamide. Especially pre- 
ferred solvents are those having good wetting and 
drying properties and include for example ethanol, 
isopropanol and methylethyfketone. 

Aqueous emulsions of the ligand compound 
may be formed in conventional manner using con- 
ventional dispersants and surfactants, including 
non-ionic dispersants. It may be convenient to con- 
tact the metal surface with an aqueous solution or 
emulsion of a sart of the ligand compound or of the 
ligand compound. 

If the ligand compound is coated onto the 
metal surface before applying the coating composi- 
tion, the process of coating with the ligand com- 
pound may be repeated, if desired several times, 
before applying the coating composition. However, 
a single coating step gives generally useful results 
and hence the use of a single coating step is 
generally preferred. 

Alternatively, the ligand compound may be for- 
mulated in the coating composition. As noted pre- 
viously herein, the coating composition can be any 
known type of coating composition and we have 
obtained useful results using adhesive composi- 
tions. Other coating compositions which may be 
used include a paint (primer) such as an air-drying, 
oil-modified system or a system including a 
chlorinated rubber a lacquer; a resin or other pro- 
tective coating. The coating composition may be a 
solvent-based composition, for example a 
cellulose/solvent based primer paint such as those 
used for car "touch up" paints. The ligand com- 
pound is soluble in solvents generally used for 
such primers (for example nitrocellulose) and may 
be incorporated directly. The ligand compound 
may also be used as an emulsion in aqueous 
emulsion surface coating systems, for example 
primers or protective coatings based on polymer 
lattices such as for example acrylic and 
styrene/acrylic lattices and vinyl acrylic co-polymer 
lattices including acrylate modified vinyl chloride 
-vinylidene chloride copolymer lattices. 

The ligand compound or the solution or emul- 
sion thereof, may be applied to the metal in con- 
ventional manner, for example by dipping, spraying 
or brushing. The temperature of the application 



may b from 0 to 60° C. Typically, solutions of the 
ligand compound may contain from 0.01 to 20% by 
weight of ligand compound, preferably from 0.01 to 
5% by weight of the ligand compound. The pres- 

5 ence of from 0.01 to 2% of weight of the ligand 
compound in a surface coating emulsion formula- 
tion is generally sufficient to provide improved ad- 
hesion of the surface coating and optimum effects 
have been obtained when applying, with a brush, a 

io coating composition containing from 0.05 to 02% 
by weight of the ligand compound. 

The process of the present invention may be 
used to bond a metal to a plastic or to bond 
together two sheets of metal. We have found that 

is the adhesive strength of the bond formed is gen- 
erally appreciably greater than the adhesive 
strength when using -the adhesive alone. Failure of 
the bond is mainly cohesive rather than adhesive, 
hence failure is occurring within the adhesive rather 

20 than at the interface between the metal surface and 
the adhesive. 

The present invention also provides a metai at 
least part of one surface of which has been coated 
with a ligand compound as hereinbefore defined, 

25 The present invention further provides a metal 
at least part of one surface of which has been 
coated with a ligand compound as hereinbefore 
defined and also with a coating composition. 

The ligand compound can be as previously 

ao described. The coating composition is preferably 
an adhesive composition. 

The present invention also includes an article 
having a metai to metal bond wherein the metal 
surfaces bonded together have been treated with 

35 the ligand compound and with an adhesive. 

Alternatively, the present invention includes an 
article having a metal to polymer bond wherein at 
least the metai surface has been treated with the 
ligand compound and with an adhesive. 

40 The present invention may be applied to the 
production of a composite article having a metal to 
polymer bond or may be used for the production of 
articles wherein a metal is bonded to the same or a 
different metal using an adhesive. 

45 The process of the present invention to pro- 

duce a composite article having a metal to polymer 
bond may be used in the primary production of 
printed circuit boards (single, double sided or flexi- 
ble boards) and elaboration of circuit boards 

so (multilayer board fabrication, solder masks, 
photoresists and covercoats). 

In accordance with a further aspect of the 
present invention, certain of the ligand compounds 
are new. 

55 Thus, in accordance with this further aspect of 

the present invention there is provided a compound 
containing a ligand group and a group of the for- 
mula: 



7 



0 285 266 



8 



-NRC0R 1 a X b CR2 = CHCOR 3 
or a salt of said compound 
wherein: 

fl is a hydrogen atom or a monovalent hydrocarbyl 
or substituted hydrocarbyl group; 
R 1 is a divalent hydrocarbyl or substituted 
hydrocarbyl group: 

R 2 is a hydrogen atom or an alky! group; 

R 3 is a group -OR or -NR,, wherein the groups R in 

the -NR, group may be the same or different; 

X is a divalent group -NRO-or -NRCO-; 

a is zero or one; and 

b is zero or one, 

with the proviso that when R and R 2 are hydrogen, 
R 3 is a group -OH. X is -NHCO, and a and b are 
both one; the group R 1 is other than a pen- 
tamethylene group. 

More specifically, this further aspect of the 
present invention provides, as new compounds, 5- 
(3'-carboxyacryloylamino)benzotriazoie and 6-(3'- 
carboxyacryloylamino-2-mercaptoberuotftiazole. 

Various embodiments of the present invention 
are set out in more detail in the following, non- 
limiting, examples. In the examples, unless stated 
to the contrary, parts are by weight with the excep- 
tion of solvents where parts are by volume. 



Preparation of 5-(6'-(3^carboxvacrvloylamino)- 
hexanoylammo)benzotriazole 

21.2 . parts of 5-(6'-aminohexanoylamino)- 
benzotriazole, which has been prepared as de- 
scribed in US Patent 3837964, were stirred with 
100 parts of glacial acetic acid and warmed gently 
to about 40 °C in order to effect complete solution. 
The solution was cooled to 20°C and 10 parts of 
maleic anhydride were added all at once. The 
mixture was stirred at ambient temperature for four 
hours. A pale cream precipitate was formed and 
this product was separated by filtration, washed 
with 30 parts of glacial acetic acid and then with 30 
parts of methanol. The solid collected was then 
stirred in 100 parts of cold water and the pH of the 
suspension was adjusted to 12 t 0.5 by the addi- 
tion of 13 parts of 10N aqueous sodium hydroxide 
solution. The resultant solution was stirred for one 
hour at 20°C, then acidified with 10 parts of glacial 
acetic acid, reducing the pH to 6 t 0.5. The resul- 
tant white suspension was filtered, washed well 
with cold water and dried in vacuo {20-25mm mer- 
cury pressure) and 20° C for 24 hours to yield 16.7 
parts {55% yield) of the product, 5-[6'-(3*-carbox- 
yacryioylamino)hexanoylamino]benzotriazole, m.pt. 
182-4°C. By analysis the product was found to 
contain C 52.4% wt; H 6,1% wt and N 19.6% wt. A 



compound of the formula C.«H, f N,OJ.2H,0 re- 
quires C 52.5% wt; H 5.85% wt; and N 19.1% wt. 
For convenience h reafter, this product will be re- 
ferred to as B CH8 n . 

5 

Example 1 

A mixture of 5.1 parts of 5-aminobenzotriazole, 
iq prepared as described in US Patent 4428987, 50 
parts of water and 400 parts of acetone was 
warmed to 40* C to effect a complete solution. To 
this solution was then added, all at once, a solution 
containing 5 parts of maleic anhydride dissolved in 
is 25 parts of acetone. The resulting mixture was 
stirred at ambient temperature for four hours. A 
further change of maieic anhydride (1 .8 parts) was 
added, and stirring was continued at 20°C for 16 
hours. 

20 The product (5.85 parts, 63% yield) was iso- 
lated by filtration, washed with acetone and dried in 
vacuo (20-25mm mercury pressure) at 20°C for 24 
hours. 

By analysis the product was found to contain C 
25 48.9% wt; H 3.7% wt and N 22.8% wt The com- 
pound 5-(3'-carboxyacryiolamino)benzotriazole 
(C„,H.N*O>0.75H J 0) requires C 48.9% wt H 3.9% 
wt and N 22.8% wt. 

30 

Example 2 

(A) Preparation of 6-amino-2-mercaptoben- 
zothiazole 

35 

A solution containing 100 parts of 2-mercap- 
tobenzothiazole dissolved in 146 parts of concen- 
trated sulphuric acid (SG 1.84) was cooled to 0- 
2*C. This solution was treated with a mixture of 37 

4Q parts of fuming nitric acid (SG 1.5) and 30 parts of 
sulphuric acid (SG 1.84) over 3.5 hours, maintain- 
ing the internal temperature of the mixture at 0- 
5°C. The mixture was allowed to warm to 20-25^ 
and stirred for a further 16 hours. The yellow 

45 solution was then poured carefully into 1000 parts 
of crushed ice which was being stirred. A pale 
yellow precipitate was formed which was isolated 
by filtration and washed well with cold water. The 
yellow filtercake was dissolved in 1000 parts of 

so water and sufficient 10N aqueous sodium hydrox- 
ide solution to raise the "pH of the solution to 
between 11 and 12. This solution was filtered and 
acidified, with stirring, to a pH in a range 2 to 3 by 
the addition of concentrated hydrochloric acid. A 

55 bright yellow precipitate (113 parts) was formed 
which was isolated by filtration and dried at 60°C 
for 48 hours. 

132 Parts of sodium hydrogen sulphide were 
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dissolved in 400 parts of water, and stirred at 
20° C. 53 Parts of 6-nitro-2-mercaptobenzothiazole. 
prepared as d scribed previously h rein, was ad- 
ded over 10 minutes; the r action mixture was then 
heated to 110°C, and stirred whilst boiling the 
mixture under reflux conditions. After four hours 
boiling, the mixture was cooled to between 0 and 
5°C and stirred for one hour. The product, 6- 
amino-2-mercaptobenzothia2ole, (30.3 parts) was 
isolated by filtration, washed sparingly with cold 
water and dried at 60 °C for 24 hours. 



(Bj Preparation of 6-(3'-carboxyacryloylamino)-2- 
mercaptobenzothiazofe 

A mixture containing 3.64 parts of 6-amino-2- 
mercaptobenzothiazole, prepared as described in 
part (A), and 600 parts of acetone was warmed to 
40 °C to effect a complete solution. This solution 
was filtered, and treated with another solution con- 
taining 2.0 parts of maieic anhydride dissolved in 
20 parts of acetone. The reaction mixture was 
stirred at ambient temperature. After about 0.5 
hours, yellow crystals were observed in the solu- 
tion. A further charge of maieic anhydride (1 part) 
was added after four hours, and stirring was contin- 
ued for a further 16 hours. 

The crystals (4.2 parts, 72% yield) were iso- 
lated by filtration, washed with acetone and dried in 
vacuo {20-25mm mercury pressure) at 20 °C for 24 
hours. 

By analysis the product was found to contain C 
45.2% wt H 3.0% wt; N 9.6 wt and S 22.4% wt 6- 
(3'-carboxyacryloylamino)-2-mercaptobenzothiazole 
{C„H.N J O 3 S 2 .0.67H,0) requires C 45.2% wt; H 3.2% 
wt; N 9.6% wt; and S 22.0% wt. 



Example 3 

Sheets of copper foil, 0.1mm in thickness and 
measuring 20 x 2 cms, were cleaned by light 
abrasion with a "Scotchbrite" pad, then immersed 
in 2N aqueous hydrochloric add for 30 seconds, 
washed well with cold water, immersed in 2N aque- 
ous sodium carbonate for 30 seconds, again 
washed well with cold water, then finally rinsed with 
ethanol and dried. 

A sheet of copper foil treated as described was 
immersed in a solution containing 0.5 parts of the 
product of Example 1 dissolved in 10 parts 
dimethylformamide and 90 parts of industrial 
methylated spirits (hereinafter "IMS") at 50 °C. The 
foil was removed after 10 minutes immersion, 
washed with IMS and dried at 60*C for 10 minutes. 
A laminate was prepared using the foil treated as 
described, an acrylic adhesive (Permabond F-245 - 



supplied by Permabond Adhesives Ltd., Woodside 
Road, Eastleigh. Hampshire, England) and a sub- 
strate which was fully cured epoxy-glass fibre 
board. The acrylic adhesive was cured at 20 to 

s 25°C under light pressure (2 kg.cm* 2 ) for 24 hours. 
The 90° peel strength of the laminate obtained, as 
measured using a laboratory Instron -testing ma- 
chine, and conditions as described in Ministry of 
Aviation test specification O.T.D.5577 was found to 

w be 3.15 kNm 1 . A comparative laminate, prepared 
in a similar manner but excluding immersion of the 
copper foil in the solution containing the product of 
Example 1, was found to have a 90° peel strength, 
determined in the same manner, of 0.8 kNm - '. 

J5 

Example 4 

A sheet of copper foil which had been cleaned 
20 as described in Example 3, was immersed in a 
solution containing 0.5 parts of CHB in 10 parts of 
dimethylformamide and 90 parts of IMS at 50 °C. 
After 10 minutes the foil was removed, washed with 
IMS and dried at 60°C for 5 minutes. 
25 A laminate was prepared from this copper foil 
using the procedure of Example 3. The laminate 
obtained had a 90 * peel strength (determined as 
described in Example 3) of 2.1 kNm~ ; . 

ao 

Example 5 

In an exactly analogous manner to that pre- 
viously described in Examples 3 and 4, a strip of 

35 copper foil was pretreated with a solution contain- 
ing 0.5 parts of the product of part (B) of Example 
2 in 10 parts of dimethylformamide and 90 parts of 
IMS. A laminate was prepared from this foil as 
described in Example 3 and was found to have a 

40 90° peel strength (determined as described in Ex- 
ample 3) of 1.8 kNm" 1 . 



Example 6 

45 

A solution containing 0.1 parts of CHB in 5 
parts of dimethylformamide and 95 parts of IMS 
was painted by brush directly onto the surface of a 
copper strip which had been cleaned as described 
50 in Example 3. After drying at 60 °C for 10 minutes, 
a laminate was prepared as described in Example 
3. The 90° peel strength of this laminate 
(determined as described in Example 3) was 1.85 
kNm* 1 . 

55 
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Example 7 

A copper strip, which had been cleaned as 
described in Example 3, was imm rsed in a solu- 
tion containing 0.5 parts of the product of Example 
1 in 100 parts of water at pH 9.5 and at 50°C. After 
10 minutes the foil was removed, washed with cold 
water and dried at 60 °C for 5 minutes. A laminate 
was prepared from this foil as described in Exam- 
pie 3. The laminate obtained had a pee( strength 
(determined as described in Example 3) of 1.4 
kNm~\ 



Example 8 

A sheet of electrolytic copper foil, having one 
dendritic face, was cut into strips measuring ap- 
proximately 20cm x Scm (this copper foil is typical 
of the material formed during the initial stages of 
the production of copper foil for use in printed 
circuit laminates). The strips were cleaned by im- 
mersion in aqueous 2N hydrochloric acid at 20 *C 
for 30 seconds, washed well with cold water 
(20 °C), immersed in 2N aqueous sodium carbonate 
at 20° C for 30 seconds, again washed well with 
cold water, then finally rinsed with ethanol and 



bond between the copper foil and the substrate, as 
measured on a laboratory Instron machin . was 
0.86 kNm" 1 . A similar laminate prepared from un- 
treated copper was found to have a peel strength 
5 of 0.82 kNm" 1 . 



Example 9 

to Sheets of electrolytic copper foil were cleaned 
as described in Example 8. 

A strip of this foil, measuring 20cm x 5cm, was 
painted with a solution containing 0.1 parts by 
weight of the product of Example 1 dissolved in 

is 100 parts of a mixture of dimethytformamide (1 
part) and IMS (99 parts). The foil so treated was 
dried in air at 60° C for 5 minutes. A laminate was 
then prepared as described in Example 8. The 
average peel strength of the bond between the 

20 copper foil and substrate was 1.16 kNm" 1 . By 
comparison, a laminate prepared from untreated 
copper foil was found to have a peel strength of 
1.10 kNm> 

25 

Comparative Example B 



anea in an oven at situ ror 5 minutes. 



in© procedure aescnoeo tor txampie 9 was 



A strip of the copper foil treated as described 
was immersed in a solution containing 0.5 parts of 
the product of Example 1 dissolved in 10 parts of 
dimethylforrnamide and 90 parts of IMS at 50 °C. 
After 30 minutes immersion, the foil was removed, 
washed with IMS and dried at 60°C for 10 minutes. 

A laminate was prepared by heating this cop- 
per foil with the dendritic face in contact with 10 
layers of glass cloth impregnated with epoxy resin, 
(this material is of the type known in the trade as 
'B-stage Epoxy Pre-Preg') for 20 minutes at 180°C 
under a pressure of 2.07 MNm" 2 (300 p.s.i.). The 
90° peel strength of the bond between the copper 
foil and the substrate, as measured on a laboratory 
Instron machine, was 1.5 kNm" 1 . A further laminate 
was prepared from an untreated copper strip using 
the same procedure and was found to have a 90° 
peel strength of 1.1 kNm~\ 



Comp arative Exa mple A 

The procedure of Example 8 was repeated with 
the exception that the strip of copper foil was 
immersed in a solution containing 0.5 parts of the 
compound 5-{6-methacryloylamidohexanoylamido)- 
benzotriazole (prepared in accordance with the pro- 
cedures described in US Patent 3837964) dis- 
solved in 10 parts of dimethylforrnamide and 90 
parts of IMS at 50°C. The 90% peel strength of the 



repeated with the exception that the strip of copper 
30 foil was painted with a solution containing 0.1 parts 
of 5-(6-methacryloylarnidohexanoylarnido)- 
benzotriazole (as used in Comparative Example A) 
dissolved in 100 parts of IMS. The laminate pro- 
duced had a peei strength of 0,63 kNm~ 1 ; A similar 
35 laminate prepared from untreated copper foil was 
found to have a peel strength of 0.61 kNm" 1 . 



Exa mple 10 

40 

A sheet of rolled annealed copper foil, having 
one dendritic face, was cut into strips measuring 
approximately 20cm x 5cm (this foil is typical of 
the material used in the production of printed cir- 

46 curt laminates). The foil was rinsed well with ac- 
etone and dried at 60°C for 5 minutes. 

A strip of the foil, cleaned as described, was 
sprayed on both sides with a solution containing 
0.05 parts of the product of Example 1 dissolved in 

so 10 parts of dimethylforrnamide and 90 parts of 
isopropanol. After drying at 60° C for 10 minutes a 
laminate was prepared by heating the copper foil 
with the dendritic face in contact with 10 layers of 
B-stage Epoxy Pre-preg, as described in Example 

55. 8. 

The peel str ngth of this laminat , as mea- 
sured on a Tensometer 20 (Monsanto) machine, 
was 0.80 kNm" 1 . 
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Comparative Example C 

A laminate was prepared by the procedure 
described of Example 10 with th exception that 
the copper strip was sprayed with 0.05 parts of 5- 
(6-methacryloylamidohexanoylamido)benzotriazole 
dissolved in 10 parts of dimethylformamide and 90 
parts of isopropanol. The laminate obtained gave a 
peel strength of 0.73 kNm~ . 

For comparison with the laminates of Example 
10 and Comparative Example C, a further laminate 
was prepared using the same procedure with an 
untreated strip of copper foil. The peel strength of 
this laminate was 0.71 kNm~'. 



Claims 

1. A process comprising coating a metai sur- 
face with a compound containing a ligand group 
and a group of the formula: 

-NRCOFVaXbCR 2 = CHCOR 3 
or a salt of said compound, 
wherein: 

R is a hydrogen atom or a monovaJent hydrocarbyl 
or substituted hydrocarbyl group; 
R T is a divalent hydrocarbyl or substituted 
hydrocarbyl group; 

R 2 is a hydrogen atom or an alkyl group; 

R 3 is a group -OR or -NR tf wherein the groups R in 

the -NR, group may be the same or different; 

X is a divalent group -NRO-or -NRCO-; 

a is zero or one; and 

b is zero or one. 

2. A process as claimed in ciaim 1 wherein the 
compound is one in which the ligand group con- 
tains at least two heteroatoms. 

3. A process as claimed in either claim 1 or 
claim 2 wherein the compound is one in which the 
group -NRCOR 1 aX b CR 2 =CHCOR3 is bonded to a 
carbon atom of the ligand group. 

4. A process as claimed in any one of claims 1 
to 3 wherein the compound is one in which R 2 is 
hydrogen and R is a group -OH or a salt derived 
from the group -OH by replacing the hydrogen by 
a cation. 

5. A process as claimed in any one of claims 1 
to 4 wherein the compound is S-^'-carbox^ 
yacryloylamino)benzotriazole; 

5- (6'-(3*-carboxyacryloylamino)hexanoylamino]- 
benzotriazole; or 

6- {3'-carboxyacryloylamino)-2- 
mercaptobenzothiazole. 

6. A process as claimed in any one of claims 1 
to 5 wherein the metal surface is also coated with a 
coating composition. 



7. A process as claimed in claim 6 wherein the 
coating composition is an adhesive composition 
which is a partially pre-polymerised adh sive or a 
highly functionaJised, low molecular weight adhe- 

5 sive. 

8. A process as claimed in either claim 6 or 
ciaim 7 wherein the compound containing a ligand 
group and a group of the formula 

-NRCOR^XbCR 2 = CHCOR 3 
70 or a salt of thereof, is incorporated into the coating 
composition and the mixture applied to the metal 
surface. 

9. A metai having on at least part of one 
surface thereof a coating of a compound containing 

15 a ligand group and a group of the formula: 
-NRCOR' a XbCR2 = CHCOR 3 
or a salt of said compound, 
wherein: 

R is a hydrogen atom or a monovalent hydrocarbyl 
20 or substituted hydrocarbyl group; 

R 1 is a divalent hydrocarbyl or substituted 
hydrocarbyl group; 

R 2 is a hydrogen atom or an alkyl group; 
R 3 is a group -OR or -NR If wherein the groups R in 
25 the -NR, group may be the same or different; 
X is a divaJent group -NRO-or -NRCO-; 
a is zero or one; and 
b is zero or one. 

10. A printed circuit board comprising copper 
ao which is a coated metal as claimed in ciaim 9 and 

which is coated with a coating composition which is 
an adhesive composition and the copper is bonded 
to a plastics substrate. 

11. A compound containing a ligand group and 
as a group of the formula: 

-NRCOR'aXbCPi? « CHCOR 3 
or a salt of said compound, 
wherein: 

R is a hydrogen atom or a monovalent hydrocarbyl 
4o or substituted hydrocarbyl group; 

R 1 is a divalent hydrocarbyl or substituted 
hydrocarbyl group; 

R 2 is a hydrogen atom or an alkyl group; 
R3 is a group -OR or -NR„ wherein the groups R in 
45 the -NR 2 group may be the same or different; 
X is a divaient group -NRO-or -NRCO-; 
a is zero or one; and 
b is zero or one, 

with the proviso that when R and R 2 are hydrogen, 
so R 3 is a group -OH, X is -NHCO-, and a and b are 
both one; the group R 1 is other than a pen-" 
tamethylene group. 

1 2. A compound as claimed in claim 1 1 which 
is S^-carboxyacryloylaminoJbenzotriazole; or 6-< 

55 3'-carboxyacryloy1amino)-2-mercaptobenzothiazole. 
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